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ABSTRACT 
 
Rail-wheel lubrication has become an important strategy to reduce wear, friction and 
noise especially on curves. Research shows that huge amount of lubrication is wasted 
during application. The American Association of Railroads (AAR) estimated that the 
wear and friction occurring at the wheel/rail interface of trains due to ineffective 
lubrication costs American Railways in excess of US $ 2 billion each year. Therefore, 
it is important to determine how much lubrication is required for particular curve 
section to reduce maintenance costs. Analysis of influential factors is important for 
decision making to reduce maintenance costs and environmental and operational 
risks. This paper focuses on analysis of rail wear data for evaluation of lubrication 
performance. Numerical examples are used for illustrations in managerial decisions. 
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1. INTRODUCTION 
 
Lubrication has become an important application for rail players to reduce rail and 
wheel maintenance and replacement costs and enhance rail-wheel life. In the literature 
research has found that significant lubrication effort and product is wasted during 
application. The American Association of Railroads (AAR) estimated that the wear 
and friction occurring at the wheel/rail interface of trains due to ineffective lubrication 
costs American Railways in excess of US $ 2 billion each year (Sid and Wolf, 2002). 
Generally lubricants are applied on rail and wheel using three lubricant application 
methods. These are way side lubrication, on board lubrication and hi-rail lubrication 
as shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Rail-wheel Lubrication systems (Chattopadhyay et al., 2004) 
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Application of lubricant may be dependent on curve, distance, traffic density, weather 
and environmental conditions. Small amount of lubricant is carried out onto the wheel 
flanges (0.3 grams) i.e. first wheel set lubricated directly and following axles are 
lubricated indirectly (Koker, 2003). Lubrication helps to reduce rail and wheel 
material loss. It constantly reduces the rapid effect of changes in rail and wheel profile 
under extreme weather (hot and humid) conditions. Lubrication also helps to enhance 
rail and wheel life and extends the rail grinding intervals and the need to re-profile 
rails and wheels. 
 
This paper focuses on analysis of rail wear data for evaluation of lubrication 
performance. Section 1 provides introduction with background of the problem. 
Section 2 gives overview of lubrication performance. Analysis of rail wear data, 
results and interpretation of data are presented in Section 3. In the final section 
contributions of this paper are summarised along with scope for future work.  
 
 
2. OVERVIEW OF LUBRICATION PERFORMANCE 
 
From this research study it is found that currently, the largest expenditure faced by the 
railroad industry is the rail maintenance and replacement. The Office for Research 
and Experiments (ORE) of the International Union of Railways (UIC) has noted that 
maintenance costs increases directly (60–65 per cent) with increase in traffic, train 
speed and axle load. It was also found that the increase of cost is greater when the 
quality of the track was poor (ORR, 1999). American Association of Railroads (AAR) 
found that application of lubricants at the rail wheel interface dramatically reduced the 
rail track degradation and fuel consumption (Sid and Wolf, 2002). Rails and wheel 
flanges are mostly lubricated with calcium-based graphite grease and lithium-based 
grease with molybdenum disulphide. Under normal working conditions a reasonable 
consumption of the locally produced calcium-based graphited grease is ± 1 kg of 
grease for every 5 000 axles, that is 0,2 gram/axle (Koker, 2003).  However, excessive 
application of lubrication causes loss of adhesion when the lubricant gets on the 
running surface of the rail, resulting in wheel-slip and a dangerous loss of traction 
increased creep forces and train delays.   
 
Rail infrastructure owners in Canada have found that lubrication is effective in some 
areas and inadequate in other areas. It is unknown that whether the lubricators are 
working properly or not. Reasons might be they are running out-of lubrication or they 
need to monitor lubricator and the method of lubrication and improve standard 
maintenance activities (Judge, 2000). Trackside lubrication system in Spoornet has 
problems of labour intensive maintenance and they switched to hi-rail lubrication. 
Afterwards in the investigation they found that some curves were poorly lubricated 
and have to increase the schedule of the hi-rail lubrication operation which has 
increased the maintenance costs (Koker, 2003). In Sweden, curves with radius less 
than 600 m are routinely lubricated with stationary (wayside, Clicomatic) applicators.  
Around 3000 such units are currently in use in Sweden (Chattopadhyay, 2004).  
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Table 1: Lubricators used in Sweden, 2004 (Larsson et al., 2005) 
 
Type 
Installation and 
Setup cost 
(SEK) 
Maintenance cost 
per annum (SEK) 
(10-25 MGT) 
Technical life in 
years 
Purchase price 
(SEK) 
Standard 5 000 5800 - 6300 15 26 600 
Electric 5 000 5800 – 6300 15 50 000 
Gas 5 000 7160 – 7660 15 26 600 
Solar 5 000 5800 – 6300 15  (Solar panel 10) 31 600 
 
The trackside lubricators cannot work in the winter climate of northern Sweden 
because of the low average temperature, which significantly increases the lubricant 
viscosity and decrease efficiency of lubricators. In addition, build-up of snow can 
prevent the lubricant migration to the rail flange. During the peak winter season no 
grease lubrication takes place. However, the rail could be lubricated to some extent by 
water from loose snow blown up by the train wheels (Warra, 2001). All costs and 
maintenance cost (in Table 1) is from yearly agreement with subcontractor. Field 
measurements in USA has shown that rail and wheel flange lubrication reduce rolling 
resistance of up to 50% around curves and up to 30% on straight and tangent track 
against the unlubricated track (Koker, J., 2003). The efficiency of the lubricant film 
between the rail and wheel greatly affects the wear and subsequent improvement of 
rail and wheel life.  
 
 
3. Analysis of rail wear data for evaluation of lubrication 
 
Real life wear data was collected from rail industry from Australia for illustration. It 
was found that most lubricators require maintenance such as refurbishment and 
condition monitoring.  It was found that distribution of lubricant along the rail length 
and on wheel flange is not consistent. Large number of lubricants has been tried but 
ultimately they are leading to excessive cost of lubricator’s maintenance and rail and 
wheel maintenance. Results from this research study shows that lubricant has 
significant effect on curves less than 500 m curve radius compare to curves with 
higher radius. Severe rail wear was found due to inconsistency in the performance of 
lubrication and aging of lubricators. Figure 2 show the analysis of rail wear rate and is 
compared with standard lubricated and unlubricated curves. 
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Figure 2: Wear rate analysis for lubricated and non lubricated curves (1998) 
 
Figure 3 show the wear rate analysis for 300 meter curve radius from 1998 to 2004. It 
can be observed that severe wear rates occur in 1998, 2003 and 2004. Mild wear rate 
is observed from 1999 to 2002. This is due to inconsistency in lubrication distribution 
along the full length of the curve section and performance of lubricators.  
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Figure 3: Wear rate for curve radius 300 meters 
 
Figure 4 shows the analysis of wear rate for 47 kg and 50 kg of rail, considering 
various curve radii estimated from year 1998 to year 2004. It is observed that wear 
rate for 200 m curve has been decreased dramatically from year 2002. This was 
mainly due to the rail replacement in 2002. It can be observed that there was huge 
difference between the wear rates even though they are lubricated continuously. 
Further research is needed to look into the performance of lubricators and 
effectiveness of lubricants for various curve sections and for rail materials. 
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Figure 4: Analysis of rail wear rate for mainline track, Rail type 50 kg (Reddy, 2005). 
 
Figure 5 shows the wear rate analysis for curve radius 365 meter. It is observed that 
wear rate has been constantly increasing from year 1998 to 2002 and sudden drop in 
2003 and increase again in 2004. This may be due to the failure of lubricators. 
 
Wear Rate (mm^2/MGT) At Particluar Curve
0
10
20
30
40
50
60
70
80
90
100
1998
(8.576MGT)
1999
(9.233MGT)
2000
(9.101MGT)
2001
(9.586MGT)
2002
(9.438MGT)
2003
(9.496MGT)
2004
(9.478MGT)
Year
W
ea
r R
at
e 
(m
m
^2
/M
G
T)
Trendline At Curve
Radius 365 m
(57.819km)
 
Figure 5: Wear rate for a particular curve 
 
It may also depend on the age of rail material and size of rail if there is any 
replacement. The wear rate has increased five times the normal wear in case of 
lubricator working properly and rail material is in good condition. 
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3.1. Influence of Lubrication on rail size 
 
Lubrication significantly reduces rail and wheel wear particularly in sharp curves. 
However, fluid lubricants may contribute to the development of rolling contact fatigue 
(RCF) (Fletcher and Beynon, 2000). Grassie (2005) explained that it is essential to 
lubricate high speed curves less than 1200 m radius, in order to reduce wear of the 
gauge face, gauge corner and to retain the desired transverse rail profile. Lower wear 
rates would enable the desired rail profile for harder rails especially in curves and 
helps to provide longer grinding intervals. The cost of the Hatfield, UK accident in 
2000 was £733 million for track repairs and compensation payments. The main cause 
was rolling contact fatigue (RCF) (The Guardian, 2005). It can lead to entrapment of 
lubricant in crack in surface and sub surface cracks which can cause shelling, rail 
break and derailments. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Rolling Contract Fatigue (QR, 2004) 
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Figure 7: Rail size affected by axle load and rail head wear limit (QR, 2004) 
 
Figure 7 shows the analysis of variations of rail size affected by axle load and rail 
head wear limit. Different rail size affects the percentage loss of rail head wear. Area 
head loss increases as the axle load increases and it varies with the rail sizes. This 
means greater area head loss at high axle loads and steeper curves. It can be observed 
from Figure 8 that 47 kg/m rail suffers higher area head loss (mm^2) than 60 kg/m 
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rail of same grade. The analysis shows 50% of increase. 50 kg/m rails expected to 
suffer factor of 1 – 1.17 lower than 47 kg/m rail. This mainly because of different 
track modulus (MPa) for each rail sizes. Standard carbon 47 kg/m rail undergo higher 
area head loss for higher axle loads when turning at sharp curve radius less than 500 
meters.  
 
In Australia rail infrastructure owners follow that for 50 kg rail (Standard Carbon) can 
have area head loss of 32 % (866 mm^2) from the total area of head (2680 mm^2) 
(Milligan, 2003). Cost of purchasing 50 kg (Standard Carbon) of 110 m length of rail 
is around AUD $6592.40 (i.e. AUD $60.00/meter) (Civil Engineering Track Standard 
STD/0077/TEC). This can be helpful to estimate the expected wear loss before next 
inspection. Considering variability of area head loss, fatigue growth, grinding 
campaign and lubrication effectiveness in various curve sections based on curve 
radius, steel size and signature of rail a dynamic wear limit model can be developed.  
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Figure 8: Rail Size influence on area head loss (QR, 2004) 
 
Standard carbon (SC) 47 kg rail has a higher area permissible head loss compared to 
SC 50 kg and SC 60 kg rails. It was found that from Figure 8 the standard carbon 60 
kg rail suffers minimal area head loss per year for same MGT. However, there are 
many factors such as lubrication, grinding, curve radius, track structure, condition, 
and traffic density contributing to inconsistencies in area head loss for each rail sizes 
under different operating conditions.  
 
 
4. Summary 
 
Real life wear data collected and analysed for Million Gross Tonnes (MGT) and wear 
loss. The Analysis shows the evaluation of lubrication performance based on rail size. 
It was observed that lubrication has significant influence on rail life only if it is 
effectively and efficiently distributed over the designated curve length. There is a 
need for development of a standard for evaluation of lubrication effectiveness 
considering rail wheel wear and material, MGT, axle load, and curve radius. There is 
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a huge scope for development of economic model for maintenance decisions based on 
operating conditions for enhancing rail life and to reduce operational risks. Authors 
are currently working in this area and results will be published in the future.  
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